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Abstract 
This paper presents a design, fabrication and characterization results of an electrostatically-actuated microlens scanner capable of 
precise positioning of integrated glass ball microlens along Z-axis. The device can be used in a wide range of photonic 
applications, e.g. in MOEMS microscopes for active changing of focal plane during 3-D raster scanning. The scanner 
construction is based on parallel-plate electrostatic actuation scheme where suspended silicon platform with integrated microlens
(movable electrode) is attracted to silicon cover (fixed electrode). Both parts, fabricated individually by bulk micromachining of 
standard silicon wafer, are vertically aligned and bonded in low-temperature process through SU-8 film. The glass microlens with
diameter of 360 Pm, effective focal length of about 260 Pm, and numerical aperture of 0.57, is directly thermally bonded in the 
centre of platform. The device demonstrates vertical displacement up to 26 Pm in semi-static mode and 38 Pm at dynamic mode 
(fR = 540 Hz) with the max. 160 V of applied excitation voltage. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Scanning of focused laser beam along optical axis is a desirable function in many micro-opto-electro-mechanical 
systems (MOEMS). In the miniaturized MOEMS microscopes, for example, this function is required to change the 
focal plane during two-dimensional (2-D) raster scanning of laser beam and thereby to perform 3-D raster scanning. 
In the vertical microlens scanners, reported for this application [1,2], the active displacement of microlens along Z-
axis is realized by electrostatic or electrothermal MEMS actuators. In general, the plano-convex or bi-convex 
microlenses are formed on a special silicon holder from a droplet of liquid polymer, which is solidified by UV 
exposure. Compared with polymer microlenses, glass microlenses offers significantly increased long-term optical, 
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thermal and mechanical stability. However, the integration of glass microlens with fragile movable parts of silicon 
actuator constitutes a challenge because of the required compatible processes of silicon and glass micromachining. 
In this paper, we present for the first time an electrostatic vertical microlens scanner, equipped with hybrid 
integrated glass ball microlens. The device is a part of miniature scanning laser confocal microscope on-chip 
(SCOMOC), presented elsewhere [3] (Fig.1). The design and technology of the device as well as the results of its 
characterization in static and dynamic mode are described.  
Fig. 1. Electrostatic vertical microlens scanner: a) application for 3-D imaging in micromachined scanning laser confocal microscope on-chip 
(SCOMOC), b) principle of 3-D transmissive scanning using two microlens scanners where Z-scanner changes the focal plane. 
2. Construction  of Z-scanner 
The construction of the scanner combines an electrostatic parallel-plate actuation scheme, where a suspended 
silicon platform (movable electrode) is attracted by electrostatic force to a silicon cover (fixed electrode), with 
transmissive scanning principle. The crucial element of the scanner is 15-Pm-thick silicon platform (4 x 4 mm2), 
which is attached to a rigid silicon frame of Chip 2 by four identical 100-Pm-wide multi-folded springs and 
integrated with a glass ball microlens (Fig. 2a). The movement of microlens occurs in 100-Pm-deep actuation 
chamber, anisotropically etched into the Chip 1, while the transmission of incoming laser beam through microlens is 
ensured by an aperture (500 x 500 Pm2). Glass microlens with diameter of 360 Pm is inserted into a circular opening 
(assembly port), etched in the center of the silicon platform by DRIE, and directly thermally bonded to silicon. Since 
the opening has smaller diameter (I=300Pm) than the microlens, it works as an aperture that reduces the spherical 
aberration. Both silicon parts (Chip 1, Chip 2) are vertically aligned and bonded in a versatile wafer-level and low-
temperature (<100oC) process through SU-8.   
Fig. 2. Construction of the electrostatically actuated Z-scanner: a) schematic drawing, b) modelled shape of first resonance mode (Comsol), c) 
modelled static vertical displacement versus applied DC voltage (Intellisense). 
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Fig. 3. Flow-chart of the fabrication process of the Z-scanner 
3. Fabrication of device 
The parts of Z-scanner were fabricated separately by bulk micromachining of 3”, n-type (100)-oriented silicon 
wafers (Fig. 3). The actuation chamber (Chip1) and the 15-Pm-thick membrane (Chip2) were etched anisotropically 
in 10M KOH at 80oC or 55oC, respectively, through 1.4-Pm-thick thermal SiO2 mask. The aperture for laser beam 
and for wire connector in Chip1 were formed by DRIE (Bosch process) in A601E system (Alcatel, France), 
applying SPR220-7.0 photoresist (Megaposit). The same DRIE process was used to form the structure of movable 
platform in 15-Pm-thick silicon membrane. Soda-lime glass microspheres (Whitehouse Scientific, UK) with 
diameter of (361.6 ± 9.9) Pm have been employed as a microlens due to their narrow size distribution and high 
sphericity. In the direct thermal bonding procedure, microspheres were inserted into the assembling ports and 
subjected to the long-term thermal process at 600oC (Fig. 4a,b). Thermal process was carefully programmed to 
ensure sufficient silicon-glass bonding without ball shape deformation and to avoid the stress generated during 
cooling, caused be mismatch of coefficients of thermal expansion between soda-lime glass (~7.75x10-6/oC) and 
silicon (~2.6x10-6/oC). Next, the silicon wafers with already fabricated structures were bonded in a newly developed 
low-temperature process through a layer of cross-linked photoresist SU-8 [4]. Both wafers were cleaned and 
activated in UV-ozone cleaner for 60 minutes. The wafer with structures of Chip1 was heated on the hot plate and 
covered with transport sheet, containing a thin SU-8 film. The film was bonded thermally to the silicon surface only 
in case of direct contact. Therefore, stripping of the transport sheet left the wafer selectively covered with uniform 
layer of SU-8 without any additional patterning processes. This process significantly simplified the bonding of 
deeply structurized wafers, where standard procedure using spin-coated and patterned SU-8 layer can not be applied. 
After alignment of wafers in photolithography machine EVG620, the procedure of compression bonding was 
performed in EVG501 bonder (P=75 N, T=95oC). Finally, the bonded wafers were diced by diamond saw (Fig. 4d).  
Fig. 4. Fabricated individual structure of Z-scanner: a) general view of movable silicon platform of  equipped with thermally bonded glass ball 
microlens, b) enlarged view of the microlens, c) laser light spot (O=850nm) observed at focal plane, d) view of individual chip from bottom side. 
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Fig. 5 Characterization results: a) vertical displacement of platform vs. excitation voltage in semi-static mode (f = 10Hz), b) vertical displacement 
velocity of movable platform with integrated microlens vs. frequency of excitation signal for different DC offset. 
4. Characterisation 
The dynamic and static characterizations of fabricated scanner were carried out using a single-point laser 
vibrometer system (Polytec, Germany). It comprised an OFV-505 sensor head and an OFV-5000 controller, 
equipped with a VD-06 digital velocity decoder and a DD-200 displacement decoder. In order to measure frequency 
response, an excitation signal of 2VAC (pink noise, 20 kHz bandwidth) was generated by DSP SigLab device 
(Spectral Dynamics) and applied to the scanner at different DC bias. The response signals from the vibrometer 
(velocity mode) were captured by SigLab and processed by Matlab (Fig. 5a). First resonant frequency, observed at 
603 Hz (10V DC bias), corresponded to the piston motion of platform. Noticeable DC bias effect led to decrease of 
this frequency from 603 Hz to 456 Hz (~24%). The first resonant mode, interesting for SCOMOC application, was 
dominant in whole bandwidth and it was well separated from the other families of modes, especially corresponding 
to dynamic of suspensions (~4-5 kHz). However, due to large platform surface, the vibrations were highly damped.  
Z-axis displacement of platform was measured in a time domain. The excitation sinusoidal signal was generated 
by SigLab and amplified by HV 601C Trek amplifier to obtain 160 VACpp and 80 V DC bias. The response signals 
of vibrometer (displacement mode) for first 50 cycles were captured by SigLab and processed by Matlab. Vertical 
displacement of 26 Pm at 160 V was first measured at low frequency of 10 Hz, which can be considered as a semi-
static mode (Fig. 5b). Similar, vertical displacement reached 38 Pm when excited at resonant frequency of 540 Hz. 
5. Conclusions 
The electrostatic microlens scanner with hybrid integrated glass ball microlens (I=360Pm) has been successfully 
fabricated and characterized. The fundamental problem of microlens scanners fabrication - integration of microlens 
with the movable silicon part of microactuator, was solved by use of newly developed direct thermal bonding 
method. The microlens can be vertically actuated up to 26 Pm in the semi-static mode (f = 10 Hz) or 38 Pm at 
dynamic mode (fR = 540 Hz) with the max. 160V of applied voltage, what makes it suitable for application in 
miniaturized scanning confocal microscope on-chip [3].  
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